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Abstract  
Within the sheet metal working industry the demand for thinner sheet materials with very high strength is growing 
due to the increasing importance for saving energy and responsible usage of natural resources. High strength and low 
ductility restrict application of state-of-the-art technology to shear, bend or deep draw parts with the needed 
complexity and quality. The Fraunhofer IPT has developed a “hy-PRESS” system to combine laser-assisted 
preheating and conventional punching to a hybrid technology in a progressive die, which allows to shear, bend and 
deep draw high strength materials with a high quality and complexity in progressive dies. 
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1. Motivation 
Due to the aim of active climate protection of the European industry, the importance of sustainable and 
responsible use of the natural resources and the reduction of CO2-emissions is growing continuously. One 
way to reach this aim is the use of lightweight components and their energy and resource efficient 
production, i.e. for the importance of weight reduction in the automotive sector. Within this sector the 
companies turn away from aluminum and use more high strength steel materials at minimized wall 
thickness and reduced weight. The needed level of strength normally comes with low ductility and a 
limited formability. Using state-of-the-art technology it is not possible to shear material with a high clear 
cut ratio or form material with a high geometrical complexity within a progressive die. 
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For producing such parts mostly expensive fineblanking presses are used. By the combination of laser 
heating and conventional sheet metal working processes in a progressive die, the material is heated 
directly before the forming or shearing process. Due to the higher temperature within the process zone the 
material is locally softened and the formability is increased, see fig.1. [4] 
 
 
 
 
 
 
 
Fig. 1.  Phases of conventional shearing and laser-assisted shearing 
In recent projects the Fraunhofer IPT has proved the capabilities of this technology on a test stand. For 
shearing of stainless steel the clear cut surface ratio was increased up to 90% with a cutting gap of 10% of 
the sheet thickness [1]. These experiments have been made on a test stand at the Fraunhofer IPT. The 
system uses a scanner for the irradiation of the material. Such a device uses two rotating mirrors to deflect 
the beam into the workspace, see fig. 5. Because the mirrors are mounted on a single axis, these optic 
system is fragile due to vibrations. To integrate such a technology into the harsh environment of a serial 
production it is necessary to protect the sensitive optical elements from the vibrations of the press and the 
tool.  
2. Process development 
2.1. State of the Art 
One of the most common processes for mass production of parts is the sheet metal working in 
progressive dies to shear or form sheet metal in multiple stages. The most common single processes are 
shearing, deep drawing, bending or embossing. With a combination of these processes it is possible to 
produce a wide variety of geometrical shapes with different physical properties.  
The conventional sheet metal working is limited by the physical characteristics of the sheet and 
limitations due to tool wear and press force. For example higher material strength leads to lower 
formability and thus limited part complexity. The high hardness of the part material leads to high wear of 
the used tools. 
In recent projects the Fraunhofer developed the laser-assisted punching technology for the integration 
in punching machines. Using this technology the material is irradiated through the shearing plate. The 
high intensity within the beam focus leads to low irradiation times and thus the cycle time of the punching 
press is not increased. Within several projects the Fraunhofer IPT the potential of this technology have 
been demonstrated. It is possible to increase the clear cut surface ratio up to 100% for shearing spring 
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steel (1.4310) with a shearing gap of 10% of the sheet thickness. This example shows the potential of the 
laser-assisted shearing but to implement such a technology in series production it is necessary not only to 
shear but also to address all sheet metal working processes like bending, deep drawing and embossing. 
2.2. Experimental  
For the evaluation of the laser-assisted sheet metal working within a series-production-like 
environment a modular progressive die has been developed. The tool consists of two stages. The first 
stage in front of the laser irradiation shears the outer form of the demonstrator geometry. The second 
stage directly after the laser irradiation is changeable, see fig. 1. Four different modules have been 
developed and built: 
 Modul 1: Shearing   geometry: rectangular shape; oblong hole 
 Modul 2: Shearing   geometry:  triangular shape; 1 mm hole 
 Modul 3: deep drawing  geometry: circular geometry D= 2,3 mm 
 Modul 4: Bending;  geometry:  bending radius 0.25 mm;   
Embossing  geometry: rectangular geometry 15 mm x 5 mm  
Fig. 2.  Experimental setup for laser-assisted sheet metal working 
The press is a conventional eccentric press equipped with a downcoiling unit and a straightening 
machine to allow series production and conclusions according to tool wear and thermal influence on the 
tool. 
2.3. Results and Discussion  
2.3.1. Shearing 
 
Within the trials different materials have been investigated. Fig. 3a shows the results for 1.4310. The 
two analyzed geometries are micro geometry (1mm hole) and a macro geometry (6,5 mm hole).  
Shearing a 1 mm hole into 1 mm spring steel with a tensile stregth of 1800 MPa is not possible using 
conventional shearing technology. The Trials showed that the tool break within the first or second stoke. 
In comparison the tool for the laser-assisted process has been used for more than 6000 strokes and only 
little tool wear can be observed, see fig. 3b. The clear cut surface ratio of the cut is 100%. 
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Fig. 3.  (a) Results for shearing within a progressive die; (b) SEM of a Ø1mm shearing tool after 6000 strokes 
Shearing 1.4310 with conventional technology leads to a small clear cut surface ratio (up to 20%) and 
high forces. Laser assisted shearing is able to increase the clear cut surface ratio up to 100%, using the 
same parameters and the same shearing gap (10%). At the same time the forces can be reduced. Within 
the investigation using a progressive die, the forces were not measured but at the Fraunhofer IPT test 
stand the forces were reduced by up to 70% within first trails. 
To investigate the influence of the laser-assisted shearing in comparison to the conventional process a 
customer series part has been produced with both processes. The Material has been hardened CK75 with a 
tensile strength of 1900 MPa. The overall shearing length has been rd. 119 mm. The trials has been 
performed using standard tools.  
Using the conventional shearing process the maximal burr height of 100 μm has been reached after 
6000 strokes. Additionally the first tool broke completely after 2000 strokes. With laser-assisted shearing 
it is possible to increase the strokes before reaching the maximal burr up to 10700. Even with the higher 
number of produced parts the wear of the tool has been lower in comparison to the conventional 
production. 
2.3.2. Forming 
 
For investigating the advantages of laser-assisted forming in comparison to conventional production 
three single processes and one material (1.4310 Spring steel; Tensile strength: 1800 MPa) have been 
chosen: 
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2.3.3. Bending 
 
The mechanical properties of the investigated material are based on the EN 10151. This norm defines 
the fault free bending ability has to be smaller than 9.5 times the sheet thickness with the rod along to the 
grain. For the test sheets with a thickness of 1 mm the minimal fault free bending radius according to the 
norm should be lower than 9.5 mm. This material is bend with 2-3 mm bending radius for 1 mm sheet 
thickness by sheet metal working companies, but with the laser-assisted bending it is possible to bend 
1 mm thick 1.4310 with a radius of 0.25 mm, see fig. 4b. 
2.3.4. Embossing 
 
Because of the high strength of the part material it is not possible to emboss it with standard tools at 
all, because this would lead to a tool damage. Using laser-assisted embossing it is possible to emboss 
1.4310 on a area of 15 mm to 5 mm up to 50% of the sheet thickness, see fig. 4b. 
2.3.5. Deep drawing 
 
For deep drawing a bowl geometry have been chosen. The inner diameter of the bowl is 2.3 mm and 
the depth is 2 mm. Using conventional deep drawing the maximal possible drawing length is 0.9 mm. 
With increasing laser power the maximal defect free drawing length increases up to 2.0 mm see fig. 4b. 
These trials showed that the maximal drawing ration can be increased by more than 100% and the 
process is fully scaleable. 
3. System development 
3.1. State of the Art 
For the integration of laser technology mostly conventional industrial tested components will be used 
to develop a reliable and save modular upgrade to enable conventional presses for laser-assisted sheet 
metal working in progressive dies. 
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Fig. 4.  (a) Scaleability of laser-assisted deep drawing; (b) laser-assisted sheet metal working of spring steel 
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Different laser sources are usable for laser assisted sheet metal working. The Fraunhofer IPT chose a 
direct diode laser because this type is the most efficient industrial feasible laser at the market. [2] 
The beam displacement has to be very flexible to irradiate different geometries without changing the 
optical system every time. One approach to fit the needs of a flexible irradiation of different geometries 
with little effort is the usage of a galvanometer scanner. It uses two rotating mirrors to deflect the beam 
into the working area, see fig. 5. Due to the translation of the small mirror rotation into a large movement 
in the working area, the dynamical characteristics are very good. Thus it is possible to irradiate the 
surface with a fast moving single focus instead of the parallel irradiation of the hole geometry with nearly 
the same heat distribution. [3] 
Fig. 5.  Principle of a galvanometer scanner 
Galvanometer scanners are used for marking, welding and micro removal and are integrated in special 
machines or automatic punching and bending machines. The integration of this flexible irradiation 
technology into a eccentric press is not possible using state-of-the-art technology because the vibration 
induced by the press, the tool and the process would lead to a damage of the sensitive mirrors and 
electrical components. To integrate a scanner system and the needed optical elements into an eccentric 
press it is necessary to develop a vibration isolation for the optical system. 
3.2. Experimental  
The Fraunhofer IPT built, based on measured acceleration and position data, a vibration test stand, 
which is able to simulate one dimensional excitations beginning with 0.1 Hz up to 20 Hz, see. fig. 6 (a). 
The displacement is adjustable beginning with 10 μm up to 1 mm. The test stand is equipped with an 
acceleration detector and high precision linear position sensors. This equipment allows to evaluate the 
isolation elements for laser-assisted sheet metal working. 
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Fig. 6.  (a) One dimensional vibration isolation test stand; (b) Implementation in the hy-PRESS-system 
3.3. Results and Discussion  
The eigen frequency of the air based passive isolation was designed near 1 Hz. With this characteristic 
the elements decouples frequencies over 5 Hz. Frequencies lower than 5 Hz has to be isolated using an 
closed loop control with an additional active element, see fig. 6 and fig. 7 (b). The combination of active 
and passive vibration isolation allows to decouple the optical elements for all occurring frequencies, see 
fig. 3 (a). 
 
Fig. 7.  (a) Influence of the active vibration isolation measured on the test stand; (b) Schematic diagram of the closed loop 
For the implementation of the closed loop controller a fpga is used. Additionally the system controls 
the level of the passive isolation and controls several security components. 
Based on the results of the test stand a complete platform, called hy-PRESS has been developed and 
tested. Within the progressive die the forces, influencing the optics have been measured with an 
integrated acceleration sensor. The experiments showed that the forces are lower than 0.003 N, this 
allows to implement this process within a progressive die and the use of optical elements without the 
negative influence on the lifetime due to vibrations. The active-passive isolation of the sensitive optical 
elements was successfully tested. No damage was observed after long term tests. 
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Fig. 8.  Industrial implementation 
4. Conclusion 
The hy-PRESS - system and the laser-assisted sheet metal working has been tested in collaboration 
between the Fraunhofer IPT and an industrial customer in an eccentric press, see. fig. 8. As result of the 
laser-assisted sheet metal working the tool life time has been improved by more than 50% for working 
high strength materials and the fault free degree of forming and thus the possible part complexity has 
been increased. Within these test the complete system has been stable. It was possible to prove the 
stability of the process for more than 8 hours.  
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